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TITLE OF THE INVENTION 
Optical Transmission System 
BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an optical 

transmission system having a structure for Raman- 
amplifying signal light, specifically a wavelength 
division multiplexing (WDM) optical transmission system. 
Related Background Art 

[0002] An optical transmission system is 

constituted by an optical transmitter, an optical 
receiver, and an optical fiber transmission line 
provided between the optical transmitter and the 
optical receiver and transmitting from the optical 
transmitter toward the optical receiver, and thereby 
enabling a high speed transmission and reception of 
large capacity information. Also, it is general that 
the optical transmission system comprises an optical 
amplifier for amplifying signal light because the power 
of the signal light decreases while it propagates 
through the optical fiber transmission line. When a 
Raman amplifier is applied as an optical amplifier, it 
can amplify signal light with an arbitrary wavelength 
band by supplying pumping light with a suitable 
wavelength, and can make a wide and flat gain band of 
optical amplification . 
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[0003] In addition, the signal light source 

included m in the optical transmitter includes, for 
example, a laser diode, and outputs signal light by 
directly modulating the laser diode. Thus the signal 
5 light outputted from directly modulated laser diode has 

a positive chirp. The technology for compensating for 
the positive chirp of this signal is disclosed in the 
document: J. Jeong, et al., IEEE Photonics Technology 
Letters, Vol.10, No. 9 (1998). Namely, the optical 

10 transmission system disclosed in the document 

compensates for the positive chirp of the signal light 
propagating through the optical fiber transmission line 
by using a self-phase modulation (SPM) as nonlinear 
optical phenomena in the optical fiber transmission 

15 line. In this method, a transmission characteristic in 

the optical transmission system can be improved by 
compensating for the positive chirp of the signal light 
outputted from the signal light source. 
SUMMARY OF THE INVENTION 

20 [0004] The inventors have studied conventional 

optical communication systems in detail, and as a 
result, have found problems as follows. Namely, the 
conventional optical system disclosed in the above 
document compensates for the positive chirp of the 

25 signal light by using the self-phase modulation 

generated in the optical fiber transmission line, but a 
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medium that generates a self-phase modulation is 
limited to the optical fiber transmission line. 
Therefore, the transmission characteristics in the 
optical transmission system cannot be sufficiently 
5 improved. 

[0005] In addition, in the conventional optical 

transmission system disclosed in the above document, a 
rare-earth doped optical fiber amplifier is disposed on 
a signal light-propagating path. However, since the 

10 amplification band of rare-earth doped optical fiber 

amplifier is limited by a bandwidth of a fluorescence 
spectrum of the rare-earth material, it is difficult to 
apply to the optical transmission system disclosed in 
the above document to CWDM (Course Wavelength Division 

15 Multiplexing) optical transmission whose signal channel 

spacing is set to a comparatively large. 

[0006] The present invention has been completed so 

as to solve the above problems, and has an object to 
provide an optical transmission system that has a 
20 structure to enable a signal transmission while 

maintaining superior transmission characteristics over 
a broader wavelength band. 

[0007] The optical transmission system according 

to the present invention is a wavelength division 
25 multiplexing (WDM) optical transmission system 

transmitting signal light of a plurality of channels 
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with different wavelengths and Raman-amplifying the 
signal light, and comprises: a directly-modified signal 
light source outputting signal light with a positive 
chirp; an optical fiber transmission line transmitting 
5 the signal light therethrough; and a lumped Raman 

amplifier arranged between the signal light source and 
the optical fiber transmission line. In particular, 
the lumped Raman amplifier includes, as a Raman 
amplification fiber, a high-nonlinearity fiber for 

10 compensating for the positive chirp of the signal light, 

and the high-nonlinearity fiber has a negative 
chromatic dispersion and a nonlinear coefficient (2 tz / 
X )• (n 2 /A e ff) of 6.9 (1/W/km) or more which is defined 
by a nonlinear refractive index n 2 and an effective 

15 area A e ff at a signal wavelength X . Accordingly, in 

the optical transmission system, the signal light 
outputted from the signal light source propagates 
through the optical transmission line after passing 
through the lumped Raman amplifier. 

20 [0008] The positive chirp of the signal light 

outputted from the signal light source is compensated 
by the high-nonlinearity fiber as a Raman amplification 
fiber (having a negative chromatic dispersion at the 
wavelength of the signal light) , and is compensated by 

25 self-phase modulation (SPM) in the high-nonlinearity 

fiber. By employing these effects, the optical 
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transmission system according to the present invention 
can obtain superior transmission characteristics over 
the wide wavelength band. 

[0009] In addition, in the optical transmission 

5 system according to the present invention, it is 

preferable that a phase shift amount O lra of the signal 
light in the high-nonlinearity fiber is 1/2 or more of 
the phase shift amount O T of the signal light in the 
optical fiber transmission channel. In this case, a 
10 compensation effect for the positive chirp of the 

signal light, to which the self-phase modulation caused 
in the high-nonlinearity fiber contributes, becomes 
large . 

[0010] In the optical transmission system 

15 according to the present invention, the nonlinear 

coefficient (2 n / X )• (n 2 /A ef f) of the high-nonlinear 
fiber is preferably 12.2 (1/W/km) or more. In this 
case, a compensation effect for the positive chirp of 
the signal light, to which the self-phase modulation 
20 caused in the high-nonlinearity fiber contributes, 

becomes large. 

[0011] In the optical transmission system 

according to the present invention, the high- 
nonlinearity fiber preferably has a transmission loss 
25 of 0.7 dB/km or less at the wavelength of 1550 nm. In 

this case, due to a small transmission loss at the 
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wavelength of the signal light, Raman amplification can 
be achieved with high efficiency in the high- 
nonlinear ity fiber . 

[0012] In the optical transmission system 

5 according to the present invention, the high- 

nonlinearity fiber preferably has a transmission loss 
whose increase, to which OH-absorpt ion near a 
wavelength of 1390 nm contributes, is 0.5 dB/km or less. 
In this case, since a transmission loss at a wavelength 

10 of pumping light, Raman amplification can be achieved 

with high efficiency in the high-nonlinear it y fiber. 
[0013] In addition, in the optical transmission 

system according to the present invention, the high- 
nonlinearity fiber preferably has a chromatic 

15 dispersion of -20 ps/nm/km or less at the wavelength of 

the signal light. In this case, a compensation effect 
for the positive chirp of the signal light, to which a 
negative chromatic dispersion of the high-nonlinearity 
fiber contributes , becomes large . 

20 [0014] Furthermore, in the optical transmission 

system according to the present invention, the 
wavelength spacing between signal channels included in 
the signal light is preferably 10 nm or more, and the 
high-nonlinearity fiber as a Raman amplification fiber 

25 preferably has a chromatic dispersion of -10 ps/nm/km 

or less at the wavelength of the signal light. In this 
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case, the generation of a four-wave mixing or a cross- 
phase modulation (XPM) , as nonlinear optical phenomenon 
can be effectively suppressed, and thereby superior 
transmission characteristics can be obtained. In 
5 addition, the optical transmission system can be used 

to the CWDM (Course Wavelength Division Multiplexing) 
optical communication having wider signal channel 
spacing . 

[0015] The present invention will be more fully 

10 understood from the detailed description given 

hereinbelow and the accompanying drawings, which are 
given by way of illustration only and are not to be 
considered as limiting the present invention. 
[0016] Further scope of applicability of the 

15 present invention will become apparent from the 

detailed description given hereinafter. However, it 
should be understood that the detailed description and 
specific examples, while indicating preferred 
embodiments of the invention, are given by way of 

20 illustration only, since various changes and 

modifications within the spirit and scope of the 
invention will be apparent to those skilled in the art 
from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0017] Fig. 1 is a view showing a constitution of 

one embodiment of an optical transmission system 
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according to the present invention; 

[0018] Fig. 2 is view showing a constitution of a 

lumped Raman amplifier in the optical transmission 
system shown in Fig. 1; 
5 [0019] Fig. 3 is a view showing a constitution of 

an experimental system that has been prepared to 
confirm an effect of the optical transmission system 
according to the present invention; 

[0020] Fig. 4 is a graph showing an experiment 

10 result with an experimental system shown in Fig. 3; 

[0021] Fig. 5 is a graph showing a distribution of 

signal light power P S ignai on a signal light transmission 
path in the optical transmission system shown in Fig. 
1; 

15 [0022] Fig. 6 is a table listing specifications of 

the Raman amplification fiber 130 and the transmission 
fiber 30 included in the optical transmission system 
shown in Fig. 1; 

[0023] Fig. 7 shows an inputted light spectrum SI 

20 and an outputted light spectrum S2 of the lumped Raman 

amplifier in the optical transmission system shown in 
Fig. 1; and 

[0024] Fig. 8 is a graph in which the 

relationships between bit error rate (BER) and 
25 receiving power (dBm) are plotted, regarding to the 

signal light with a wavelength of 1550 nm in various 
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transmission lines . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] In the following, embodiments of the 

optical transmission system according to the present 
5 invention will be explained in detail with reference to 

Figs. 1 to 8. In the explanation of the drawings, 
constituents identical to each other will be referred 
to with numerals identical to each other without 
repeating their overlapping descriptions. 

10 [0026] Fig. 1 is a view showing a constitution of 

one embodiment of an optical transmission system 
according to the present invention. The optical 
transmission system shown in Fig. 1 comprises a signal 
light source 10, a lumped Raman amplifier 20, a 

15 transmission fiber 30 as an optical fiber transmission 

line, and an optical receiver 40. The signal source 10 
includes a laser diode, and signal light having a 
positive chirp is outputted therefrom by directly- 
modulating the laser diode. The signal light from the 

20 signal light source 10 is inputted into the lumped 

Raman amplifier 20. And then the amplified light is 
outputted from the Raman-amplifier. The transmission 
fiber 30 transmits the signal light outputted from the 
lumped Raman amplifier 20 to the optical receiver 40. 

25 In addition, the optical receiver 40 receives the 

signal light having propagating through the 
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transmission fiber 30 . 

[0027] Fig. 2 is a view showing a constitution of 

the lumped Raman amplifier 20 in the optical 
transmission system shown in Fig. 1. The lumped Raman 
5 amplifier 20 shown in Fig. 2 Raman-amplifies the signal 

light inputted through the signal input port 101, and 
outputs the Raman-amplified signal light through the 
signal output port 102. The lumped Raman amplifier 20 
comprises an optical coupler 111, an optical isolator 

10 121, a Raman amplification fiber 130, an optical 

coupler 112, an optical isolator 122, and an optical 
coupler 113, arranged on a signal light propagation 
path in the order from the signal input port 101 toward 
the signal output port 102. In addition, the lumped 

15 Raman amplifier 20 further comprises a photo diode 141 

connected to the optical coupler 111, photo diodes 143a, 
143b connected to the optical coupler 113, an optical 
multiplexer 150 connected to the optical coupler 112, 
laser diodes 152a, 152b connected to the optical 

20 multiplexer 150, and a controller 160 controlling the 

amplifying operation of the lumped Raman amplifier 20. 
[0028] The optical coupler 111 outputs a part of 

the signal light inputted through the signal input port 
101, and outputs the rest of the signal light to the 

25 optical isolator 121. The photo diode 141 receives the 

signal light after the optical coupler 111, and outputs 
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electric signal depending on input signal light power 
to the controller 160. 

[0029] The optical coupler 113 outputs a part of 

the signal light after the optical isolator 122 into 
5 the photo diode 143a, and outputs the rest of the 

signal light to the signal output port 102. The photo 
diode 143a receives the signal light after the optical 
coupler 113, and outputs electric signal depending on 
output signal light power to the controller 160. In 

10 addition, the optical coupler 113 outputs a part of the 

light after the signal output port 102 into the photo 
diode 143b, and outputs the rest of the signal light to 
the optical isolator 122. The photo diode 143b receives 
of the light arrived from the optical coupler 113, and 

15 outputs an electric signal depending on the light power 

to the controller 160. 

[0030] The optical coupler 112 enters pumping 

light outputted from the optical multiplexer 150, and 
supplies the pumping light to the Raman amplification 
20 fiber 130. In addition, the optical coupler 112 enters 

the signal light outputted from the Raman amplification 
fiber 130, and outputs the signal light to the optical 
isolator 122. 

[0031] The optical isolator 121, 122 pass the 

25 light propagating in a forward direction from the 

signal input port 101 to the signal output port 102, 
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but do not pass the light propagating in a backward 
direction . 

[0032] The laser diodes 152a, 152b are 

respectively optical devices, and the wavelength of 
5 pumping light components outputted from the laser 

diodes 152a, 152b are different from each other. Each 
of the laser diode 152a, 152b is preferably constitutes 
an outer resonator together with a fiber grating. In 
this case, pumping light with a stable wavelength can 

10 be outputted. Also, by using two laser diodes each 

outputting pumping light with a same wavelength, a 
structure in which pumping light components outputted 
from these two laser diodes are polarization 
multiplexed may be allowed. In this case, a pumping 

15 light power can be increased. The optical multiplexer 

150 multiplexes the pumping light components outputted 
from the laser diodes 152a, 152b, and outputs the 
multiplexed pumping light to the optical coupler 112. 
[0033] The controller 160 enters electric signals 

20 outputted from the photo diodes 141, 143a, 143b, and 

controls the pumping light output from the laser diodes 
152a, 152b on the basis of these electric signals. 
[0034] The Raman amplification fiber 130 

constitutes a part of the transmission line through 

25 which the signal light outputted from the optical 

isolator 121 propagates, and Raman-amplifying the 
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signal light by being supplied with pumping light from 
the optical coupler 112. The Raman-amplified signal 
light is outputted from the Raman amplification fiber 
130 to the optical coupler 112. The Raman 

5 amplification fiber 130 is a transmission medium which 

is provided between the signal light source 10 and the 
transmission line fiber 30, which compensates for the 
positive chirp of the signal light outputted from the 
signal light source 10 while Raman-amplifying the 
10 signal, and which is a high-nonlinearity fiber having a 

negative chromatic dispersion at the wavelength of the 
signal light and generating a self-phase modulation 
intentionally . 

[0035] The Raman amplifier 20 acts as follows. 

15 Namely, the pumping light components outputted from the 

laser diodes 152a, 152b are multiplexed by the optical 
multiplexer 150. The multiplexed light (pumping light) 
from the optical multiplexer 150 is supplied to the 
Raman amplification fiber 130 through the backward end 

20 of the Raman amplification fiber 130 via the optical 

coupler 112. The signal light inputted through the 
signal input port 101 reaches the Raman amplification 
fiber 130 via the optical coupler 112 and the optical 
isolator 121, and then is Raman-amplified in the Raman 

25 amplification fiber 130. The Raman-amplified signal 

light is outputted from the signal output port 102 
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after passing through the optical coupler 112, the 
optical isolator 112 and the optical coupler 113. 
[0036] The part of the signal light inputted 

through the signal input port 101 is introduced to the 
5 photo diode 141 after being divided by the optical 

coupler 111. The photo diode 141 outputs an electric 
signal depending on the receiving power of the divided 
light to the controller 160. On the other hand, the 
part of the signal light outputted from the signal 

10 output port 102 is introduced to the photo diode 143a 

after being divided by the optical coupler 113. The 
photo diode 143a outputs an electric signal depending 
on a receiving power of the divided light to the 
controller 160. In addition, the part of the light 

15 (return light) from the signal output port 102 to the 

optical isolator 122 is introduced to the photo diode 
143b after being divided by the optical coupler 113. 
The photo diode 143b outputs an electric signal 
depending on a receiving power of the reflected light 

20 to the controller 160. 

[0037] The controller 160 monitors the input 

signal light power on the basis of the electric signal 
outputted from the photo diode 141, monitors the output 
signal light power on the basis of the electric signal 

25 outputted from the photo diode 143a, and monitors the 

return light power on the basis of the electric signal 
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outputted from the photo diode 143b. The reflected 
light power expresses whether the signal output port 
102 is set in a connection state or an opening state. 
And, at the case that the input signal light power is a 
5 predetermined threshold value or less, or at the case 

that the return light power is a predetermined 
threshold value or more, the controller 160 reduces the 
pumping light power of the laser diode 152a, 152b or 
stops these laser diodes 152a, 152b. In addition, the 

10 controller 160, on the basis of a ratio between the 

output signal light power and the input signal light 
power, adjusts the pumping light power of the laser 
diodes 152a, 152b so as for a Raman amplification gain 
to become a desired value. 

15 [0038] Further, in the entire optical transmission 

system 1 shown in Fig. 1, the signal light form the 
signal light source 10 propagates through the 
transmission line fiber 30 and reaches the optical 
receiver 40, after being Raman-amplified by the lumped 

20 Raman amplifier 20. 

[0039] In particular, in the optical transmission 

system 1, the signal light outputted from the signal 
light sources 10 has a positive chirp, and, on the 
other hand, the Raman amplification fiber 130 included 

25 in the lumped Raman amplifier 20 has a negative 

chromatic dispersion at the wavelength of the signal 
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light. In addition, the Raman amplification fiber 130 
is a high-nonlinearity fiber Raman-amplifying the 
signal light by using stimulated Raman scattering ( SRS ) 
as a kind of nonlinear optical effect, and thereby a 
5 self-phase modulation can be intentionally generated. 

Accordingly, the positive chirp of the signal light 
outputted from the signal light source 10 is 
compensated by the negative chromatic dispersion of the 
Raman amplification fiber 130 and is also compensated 
10 by the self-phase modulation in the Raman amplification 

fiber 130. As a result, the optical transmission 
system 1 becomes to have superior transmission 
characteristics . 

[0040] An applicable condition to be required as a 

15 Raman amplification fiber 130 will be expressed as 

follows. Namely, the phase shift amount O LRA of the 
signal light in the Raman amplification fiber 130 is 
preferably 1/2 or more of the phase shift amount <I> T of 
the signal light in the transmission line fiber 30. In 
20 this case, the . compensation effect for the positive 

chirp of the signal light, to which the self-phase 
modulation in the Raman amplification fiber 130 
contributes, becomes large. 

[0041] Here, the phase shift amount O is expressed 

25 in the following formula (1). 



16 



FP04-0024-00 



[0042] 0 = — [J^Lp ( Z)dz ... (i) 

[0043] In the above formula (1), z is a variable 
expressing a position along a longitudinal direction of 
the optical fiber (having a length L) , n 2 (z) is a 
5 nonlinear refractive index of the optical fiber at the 

position of the optical fiber is z, and A e ff(z) is an 
effective area of the optical fiber at the position z 
with respect to the signal light with a wavelength X , 
and Psignai(z) is the power of the signal light power in 

10 the optical fiber at the position z. 

[0044] Furthermore, the nonlinear coefficient (2 n 

/ X ) ■ (n 2 /A e ff) of the Raman amplification fiber 130, 
defined by the nonlinear refractive index n 2 and the 
effective area A e ff at the signal light wavelength X is 

15 so good that it is large, and it is preferably, for 

example, 6.9 (1/W/km) or more, further preferably 12.2 
(1/W/km) or more. In addition, a length of the Raman 
amplification 130 used per one Raman amplifier is 
preferably 5 km or less. This is to prevent a 

20 deterioration of transmission quality due to double 

Reilly scattering caused in the Raman amplification 
fiber 130. The nonlinear refractive index n 2 is 
preferably 3.5 x 10" 20 m 2 /W or more, more preferably 4.5 
x 10" 20 m 2 /W or more. The effective area A e ff is 

25 preferably 30 n m 2 or less, more preferably 15 ii m 2 or 
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less. In this case, a nonlinearity of the Raman 
amplification 130 becomes large, and thereby a 
compensation effect for the positive chirp of the 
signal light, to which the self-phase modulation in the 
5 Raman amplification fiber 130 contributes, becomes 

large . 

[0045] The Raman amplification fiber 130 

preferably has a transmission loss of 0.7 dB/km or less 
at the wavelength of 1550 nm. On the other hand, the 

10 Raman amplification fiber 130 preferably has a 

transmission loss whose increase, to which the OH- 
absorption near the wavelength of 1390 nm contributes, 
is 0.5 dB/km or less. In these cases, the transmission 
loss of the Raman amplification fiber 130 at both 

15 wavelengths of the signal light and the pumping light, 

and therefore Raman amplification with high efficiency 
becomes possible. 

[0046] Furthermore, the Raman amplification fiber 

130 has a chromatic dispersion of -20 ps/nm/km or less, 

20 more preferably -60 ps/nm/km or less at the wavelength 

of the signal light. In this case, a compensation 
effect for the positive chirp of the signal light, to 
which the negative chromatic dispersion of the Raman 
amplification fiber 130 contributes, becomes large. In 

25 addition, the Raman amplification fiber 130 can 

compensate for can effectively compensate for the 
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positive chromatic dispersion of the transmission line 
fiber 30. 

[0047] The wavelength spacing of the signal 

channels included in the signal light is 10 nm or more, 
5 and the Raman amplification fiber 130 may have a 

chromatic dispersion of -10 ps/nm/km or less at the 
wavelength of the signal light. In this case, the 
generations of four-wave mixing and cross-phase 
modulation (XPM) as nonlinear effects are effectively 
10 suppressed, and thereby superior transmission 

characteristics can be obtained over a broader 
wavelength band. 

[0048] The connection loss between the Raman 

amplification fiber 130 and another optical fiber is 
15 preferably 0.5 dB or less, and then, the effective 

Raman amplification can be achieved. 

[0049] In addit ion, as the phase shift amount ^lra 

in the lumped Raman amplifier 20 is large, the 
transmission characteristics for the signal light can 

20 be improved. However, an amplification gain in the 

lumped Raman amplifier 20 is preferably set such that 
Stimulated Raman Scattering (SRS) does not occur within 
the lumped Raman amplifier 20 and at the entrance end 
of the transmission line fiber 30 . 

25 [0050] Fig. 3 is a view showing a constitution of 

an experimental system that has been prepared to 
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confirm an effect of the optical transmission system 
according to the present invention. Fig. 4 is a graph 
showing an experiment result with an experimental 
system shown in Fig. 3. The experimental system shown 
5 in Fig. 3 is assumed as both of an optical transmission 

system according to the present invention with a lumped 
Raman amplifier and a comparative optical transmission 
system with an Er-doped optical fiber amplifier. These 
experimental systems have a structure that a variable 

10 optical attenuator 50 and an optical filter 60 is 

further inserted between the transmission line fiber 30 
and the optical receiver 40 in the optical transmission 
system 1 shown in Fig. 1, except an optical amplifier. 
In these experimental systems, a bit rate of the signal 

15 light outputted from the signal light source 10 is 2.5 

Gbps, and its wavelength is 1550 nm. The power of the 
signal light outputted form the optical amplifier is 10 
dBm. The transmission line fiber 30 is a standard 
single mode optical fiber (SMF) having a zero- 

20 dispersion wavelength near a wavelength of 1.3 y,m, and 

its length is 0 km, 40 km, 60 km, 80 km, 100 km. The 
graph G410 indicates a power penalty of the comparative 
optical transmission system (comprising an Er-doped 
optical fiber amplifier) when varying the length of the 

25 transmission line fiber 30, and the graph G420 

indicates a power penalty of the optical transmission 
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system according to the present invention (comprising a 
lumped Raman amplifier) when varying the length of the 
transmission line fiber 30. 

[0051] As can be seen from Fig. 4, in both of the 

5 experimental system having the lumped Raman amplifier 

(LRA) and the experimental system having the Er-doped 
optical fiber amplifier (EDFA) , a power penalty turns 
worse as the length of the transmission line fiber 30 
is long. However, as compared with the Er-doped 
10 optical fiber amplifier (EDFA) , the lumped Raman 

amplifier (LRA) in which a self-phase modulation easily 
occurs in the Raman amplification fiber is superior in 
a power penalty. 

[0052] Fig. 5 is a graph showing a distribution of 

15 signal light power P S ignai on a signal light transmission 

path in the optical transmission system shown in Fig. 1. 
In addition, Fig. 6 is a table listing specifications 
of the Raman amplification fiber 130 and the 
transmission line fiber 30 included in the optical 
20 transmission system shown in Fig. 1. Here, the 

prepared Raman amplification fiber 130 has a nonlinear 
coefficient (2 n / X ) ■ (n 2 /A e f f ) of 23.9 (1/W/km), a length 
of 3 (km), a transmission loss of 0.53 (dB/km) at a 
wavelength of 1550 nm, and a chromatic dispersion of - 
25 13.6 (ps/nm/km) at the wavelength of 1550 nm. On the 

other hand, the prepared transmission line fiber 30 has 
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a nonlinear coefficient (2 n / X )• (n 2 /A e ff) of 0.34 
(1/W/km), a length of 100 (km), a transmission loss of 
0.2 (dB/km) at a wavelength of 1550 nm, and a chromatic 
dispersion of 16 (ps/nm/km) at the wavelength of 1550 
5 nm. The power of the signal light outputted from the 

signal light source 10 is 0 dBm, and the power of the 
signal light outputted from the lumped Raman amplifier 
20 is 10 dBm. At this time, the phase shift amount O 
lra of the signal light in the Raman amplification fiber 

10 130 is 0.23 rad, and the phase shift amount O T of the 

signal light in the transmission line fiber 30 is 0.30 
rad. In this way, the phase shift amount O LRA of the 
signal light in the Raman amplification fiber 130 is 
1/2 or more of the phase shift amount O t of the signal 

15 light in the transmission line fiber 30. 

[0053] Fig. 7 shows an inputted light spectrum SI 

and an outputted light spectrum S2 of the lumped Raman 
amplifier 20 included in the optical transmission 
system shown in Fig. 1. In addition, Fig. 8 is a graph 

20 in which the relationships between a bit error rate 

(BER) and a receiving power (dBm) are plotted, 
regarding to the signal light with a wavelength of 1550 
nm in various transmission lines. The signal light to 
be outputted is a four-channel signal light with a bit 

25 rate of 2.5 Gbps, and the wavelength of each signal 

channel is 1511 nm, 1531 nm, 1551 nm, 1571 nm. 
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Furthermore, in Fig. 8, the plot data PI indicates a 
relationship between a bit rate and a receiving power 
of the signal light (Back to Back) after being 
outputted from the signal light source 10, the plot 
5 date P2 indicates a relationship between a bit rate and 

a receiving power of the signal light (SMF 100km 
without FRA) after propagating through the transmission 
line fiber 30 with a length Of 100 km without passing 
through the lumped Raman amplifier 20, the plot data P3 

10 indicates a relationship between a bit rate and a 

receiving power of the signal light (Output of FRA) 
after being outputted from the lumped Raman amplifier 
20, the plot data P4 indicates a relationship between a 
bit rate and a receiving power of the signal light (SMF 

15 100 km with FRA) after propagating through the 

transmission line fiber 30 with a length of 100 km via 
the lumped Raman amplifier 20, and the plot data P5 
indicates a relationship between a bit rate and a 
receiving power of the signal light (SMF 150 km with 

20 FRA) after propagating through the transmission line 

fiber 30 with a length of 150 km via the lumped Raman 
amplifier 20. Further, the line L in Fig. 8 indicates 
a receiving limit for the signal having propagated 
through a single-mode optical fiber with a length of 

25 150 km without passing through the Raman amplifier. 

[0054] As can be seen from Fig. 8, when the Raman 
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amplification fiber 130 has a negative chromatic 
dispersion at the wavelength of the signal light, 
transmission characteristics are improved. In addition, 
by the effect due to the self-phase modulation in the 
5 Raman amplification fiber 130 (high-nonlinearity fiber) 

included n the lumped Raman amplifier 20, a loss budget 
is also expanded together with the improvement of the 
transmission characteristics, as compared with the case 
that a Raman amplifier is not provided. Furthermore, 
10 the effects of four-wave mixing and influence of mutual 

phase abnormality are not seen. 

[0055] The present invention is not limited to the 

above-mentioned embodiments, and can be modified as 
various applications. For example, the above-mentioned 

15 embodiment constitutes a backward pumping structure 

supplying pumping light to the back end (signal 
emission terminal ) of the Raman amplification fiber, 
but a forward pumping structure supplying pumping light 
to the front end (signal entrance terminal ) of the 

20 Raman amplification fiber can be applied and a 

bidirectional pumping structure can be also applied. 
[0056] As described above, in accordance with the 

present invention, the positive chirp of the signal 
light outputted from the signal light source is 

25 compensated by the high-nonlinearity fiber as a Raman 

amplification fiber, and is also compensated by the 
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self-phase modulation in the high-nonlinearity fiber. 
By this, the optical transmission system according to 
the present invention can obtain superior transmission 
characteristics over a broader wavelength band. 
5 [0057] The optical transmission system according 

to the present invention can be applied to CWDM signal 
transmission with wider signal channel spacing because 
the positive chirp of the signal light outputted from 
the signal light source can be sufficiently compensated. 

10 [0058] From the invention thus described, it will 

be obvious that the embodiments of the invention may be 
varied in many ways. Such variations are not to be 
regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be 

15 obvious to one skilled in the art are intended for 

inclusion within the scope of the following claims. 
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